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1
ELECTROSTATIC PROTECTION DEVICE

BACKGROUND

The present invention relates to integrated circuits, in
particular to the electrostatic protection of mput ports for
integrated circuits.

Integrated circuits (ICs) may incorporate dedicated cir-
cuitry to protect them against Electrostatic Discharge (ESD)
events at their input/output (I/0) pads. The tulfillment of this
ESD protection requirement may be challenging when
broadband high-frequency signals are transmitted and/or
received across the 1/0 pads of the IC.

ESD protection devices 1n integrated circuits often com-
prise devices such as inductors and coils. As the dimensions
ol itegrated circuits shrink and clock rates increase, 1t 1s
difficult or sometimes not even possible to scale the designs
of ESD protection devices. Existing ESD protection device
designs often do not provide the necessary bandwidth.

SUMMARY

In one aspect the imvention relates to an electrostatic
protection device for protecting an input port of an elec-
tronic circuit. The electronic protection device comprises a
first stacked coil and a second stacked coil. The first stacked
coil and the second stacked coil may be stacked upon each
other. Formed 1n an integrated circuit, the first stacked coil
and the second stacked coi1l may be formed physically one
above the other.

The electrostatic protection device comprises an input
terminal. The first stacked coil comprises a first coil input
connected to the mput termunal. The first stacked coil
comprises a first coil output port connected to a lower
frequency ESD protection circuit. The first stacked coil
comprises a first coil termination port connected to a termi-
nation load. The second stacked coil 1s inductively coupled
to the first stacked coil. The second stacked coil comprises
an output port connected to a higher frequency ESD pro-
tection circuit. The higher frequency ESD protection circuit
comprises a higher frequency output. The lower frequency
ESD protection circuit comprises a lower frequency output.
The electrostatic protection device comprises a summation
circuit configured for outputting a summation of the higher
frequency output and the lower frequency output to the mnput
port of the electronic circuit.

According to a further aspect of the present invention, the
invention further provides for an itegrated circuit mcorpo-
rating the electrostatic protection device for protecting an
input port of an electronic circuit.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

In the following, embodiments of the invention are
explained in greater detail, by way of example only, making
reference to the drawings in which:

FIG. 1 illustrates an example of an electrostatic protection
device;:

FIG. 2 1llustrates an example of a first stacked coil and a
second stacked coil;

FIG. 3 shows a plot of the frequency transmission from a
circuit simulation of the electrostatic device shown 1n FIG.
1

FI1G. 4 illustrates the bandwidth provided by the electro-
static protection device of FIG. 1 as observed in an eye
diagram;
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FIG. S illustrates an example of an integrated circuit;
FIG. 6 1llustrates a further example of an electrostatic

protection device;

FIG. 7 illustrates a further example of an electrostatic
protection device;

FIG. 8 1llustrates a further example of an electrostatic
protection device; and

FIG. 9 illustrates a further example of an electrostatic
protection device.

DETAILED DESCRIPTION

The descriptions of the various embodiments of the
present invention will be presented for purposes of 1llustra-
tion but are not intended to be exhaustive or limited to the
embodiments disclosed. Many modifications and varnations
will be apparent to those of ordinary skill in the art without
departing from the scope and spirit of the described embodi-
ments. The terminology used herein was chosen to best
explain the principles of the embodiments, the practical
application or techmnical improvement over technologies
found in the marketplace, or to enable others of ordinary
skill 1n the art to understand the embodiments disclosed
herein.

Embodiments of the present invention are beneficial
because they provide for an eflective means of increasing the
bandwidth of an electrostatic protection device. The signal 1s
broken into lower and higher frequency components which
are then treated separately and then recombined. The terms
lower frequency ESD protection circuit and higher fre-
quency ESD protection circuit are names which are used to
differentiate two separate ESD protection circuits. The term
higher frequency output and lower frequency output are
used to differentiate or name two diflerent frequency outputs
that are used 1n the circuat.

In some embodiments, both the human body model
(HBM) Electro Static Discharge (ESD) protection circuit
and the charge device model (CDM) ESD protection circuit
may refer to ESD protection circuits that incorporate clamp-
ing circuits, such as diodes, connected to both of the power
supply rails (supply and ground). The HBM and CDM ESD
devices may also, 1n practice, incorporate a capacitance to
ground that 1s caused by the diode junction capacitance and
the parasitic wiring capacitance of the diodes, for the CDM
diode, the diode junction, parasitic and the RX 1nput capaci-
tance. The charge device ESD protection may further icor-
porate a resistor and/or impedance 1n series with an input
that limits current and separated HBM and CDM protection
circuits.

In another embodiment, the first stacked coil and the
second stacked coil form a crossover network configured to
divide a signal input into the mput terminal into a higher
frequency component and a lower frequency component.
The use of the inductive circuit provides a means for
naturally dividing the input signal into these two compo-
nents. The higher frequency component 1s output by the
higher frequency output and the lower frequency output 1s
output by the lower frequency output.

One potential advantage of this embodiment 1s that the
higher and lower frequency components of an ESD event
can have diflerent amounts of current. For example, the
lower frequency component of the ESD event typically has
a higher current than the higher frequency component of the
ESD event. This eflect may be used 1n designing an effective
clectrostatic protection device. The first stacked coil and the
second stacked coil may eflectively form a crossover net-
work that decouples the higher frequency ESD protection
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circuit from the lower frequency component of the ESD
event. This may enable the higher frequency ESD protection
circuit and the lower frequency ESD protection circuit to
have their components tailored for each particular type of
ESD event. For example, the higher frequency ESD protec-
tion circuit may be designed with a lower current rating than
the lower frequency ESD protection circuit.

In another embodiment, the first stacked coil 1s a t-coil
with a single coil tap. In this embodiment, a t-coil structure
1s used for the lower frequency component. This may be
beneficial because it 1s relatively simple to build the t-coil
with a single tap and lower frequency ESD protection circuit
so that it 1s able to deal with higher currents. However, this
may atfect the ability of it to respond to higher frequencies.
It 1s therefore beneficial to couple the t-coil with the higher
frequency ESD protection circuit to increase the bandwidth.

In another embodiment, the single coil tap divides the first
stacked coil 1nto a first coil portion and a second coil portion.
The single coil tap 1s the first coil output. The second coil
portion 1s connected between the single coil tap and the coil
termination port. The first coil portion 1s connected between
the single coil tap and the first coil mput.

In another embodiment, the inductive coupling between
the first coil portion and the second stacked coil 1s greater
than the inductive coupling between the second coil portion
and the second stacked coil. This embodiment may be
beneficial during the construction of the electrostatic pro-
tection device because the signal picked up on the first coil
portion may be more accurate. For example, if a signal goes
through the first coil portion and then the second coil
portion, the inductance of the first coil portion may cause a
degradation 1n the high frequency component of the signal.
Another advantage 1s that the current 1n the first coil portion
may be higher. It may therefore increase the ability of the
inductive coupling to take place.

In another embodiment, the second stacked coil com-
prises a reference port connected to a ground plane of the
clectrostatic protection device. This embodiment may be
beneficial because 1t may provide for an effective means of
referencing both the high and low frequency components.

In another embodiment, the lower frequency ESD pro-
tection circuit comprises a human body model ESD protec-
tion circuit. This may be beneficial because the human body
model ESD protection circuit can be built specifically to
handle the higher current and lower frequency component of
an ESD event.

In another embodiment, the lower frequency ESD pro-
tection circuit comprises an additional charge device model
ESD protection circuit. The various frequency components
may be divided into upper, higher and lower portions but
there may still be some portion of the higher frequency
component of the ESD pulse that goes through the first
stacked coil. Incorporating the additional charge device
model ESD protection circuit may therefore be beneficial
and increase the effectiveness of the ESD protection.

In another embodiment, the first stacked coil comprises a
first coil tap and a second coil tap. The lower frequency ESD
protection circuit 1s connected to the first coil tap and the
second coil tap. This embodiment 1s similar to a t-coil
arrangement, but instead of the first stacked coil being
divided into two parts, 1t 1s divided into three parts. This may
allow for a more sophisticated lower frequency ESD pro-
tection circuit.

In another embodiment, the first stacked coil comprises a
first coil portion, an mtermediate coil portion, and a second
coil portion. The first coil portion 1s connected between the
first coil mput and the first coil tap. The intermediate coil
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portion 1s connected between the first coil tap and the second
coil tap. The second coil portion 1s connected between the
second coil tap and the first coi1l termination port.

In another embodiment, the lower frequency ESD pro-
tection circuit comprises a human body model ESD protec-
tion circuit. The lower frequency ESD protection comprises
an additional charge device model ESD protection circuit.
The additional charge device model ESD protection circuit
1s connected to the first coil tap and the human body model
ESD protection circuit 1s connected to the second coil tap.
This embodiment may be beneficial because 1t provides for
a very ellective ESD protection for lower frequencies.

In another embodiment, the second stacked coil com-
prises a reference port connected to a ground plane of the
clectrostatic protection device.

In another embodiment, the second stacked coil com-
prises a reference port connected to the second coil tap.

In another embodiment, the first stacked coil 1s at least
partially formed from the top two metallization layers of the
clectrostatic protection device. This may be beneficial
because the currents going through the first stacked coil may
be larger than through the second stacked coil. The top two
metallization layers of the electrostatic protection device
may be thicker and provide for a first stacked coil that 1s less
likely to be destroyed by an ESD event and have a lower
resistance.

In another embodiment, the higher frequency ESD pro-
tection circuit comprises a primary charge device model
ESD protection circuit. The use of the terms primary charge
device model ESD protection circuit and additional charge
device model ESD protection circuit are intended to indicate
that there are two separate charge device model ESD pro-
tection circuits.

In another embodiment, the primary charge device model
ESD protection circuit has a primarily reactive impedance.
Because the signal from the ESD event has been divided
cllectively into two with the higher frequency component
having a lower current, the primary charge device model
ESD protection circuit can be specialized and designed 1n a
way so that there 1s less power loss. In a conventional
clectrostatic protection device, the primary charge device
model ESD protection circuit uses diodes that for smaller
signals are effectively lossy capacitors. However, for larger
voltages, the diodes begin to conduct and effectively provide
a resistance which dissipates the ESD energy to ground. A
reactive impedance may be used for the ESD protection
circuit instead, as the data signal for higher frequency and
low frequency ESD protection circuit are lower current.

In another embodiment, the summation circuit may be a
continuous time linear equalizer circuit. For example, this
may be a particularly effective way of combining the low
and high frequency signal components.

In another embodiment, the mput port of the electronic
circuit 1s a differential input port. The differential input port
1s formed by two electrostatic protection devices connected
together via the continuous time linear equalization circuit.
The continuous time linear equalization circuit 1s used to
combine the signals from two separate electrostatic protec-
tion devices. This may be beneficial because 1t may provide
for better rejection of noise.

In another embodiment, the termination load 1s resistive.
This, for example, may provide for an eflective means of
constructing the circuit.

In another aspect, the invention provides for an integrated
circuit that comprises an electronic circuit. The integrated
circuit comprises an electrostatic protection device for pro-
tecting the 1mput port of the electronic circuit. The electro-
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static protection device comprises a first stacked coil and a
second stacked coil. The electrostatic protection device
comprises an mput terminal. The first stacked coil comprises
a first coil mput connected to the input terminal. The first
stacked coil comprises a first coil output port connected to
a lower frequency ESD protection circuit. The first stacked
coill comprises a first coil termination port connected to a
termination load. The second stacked coil 1s inductively
coupled to the first stacked coil. The second stacked coil
comprises an output port connected to a higher frequency
ESD protection circuit. The higher frequency ESD protec-
tion circuit has a higher frequency output. The lower fre-
quency ESD protection circuit has a lower frequency output.
The electrostatic protection device comprises a summation
circuit configured for outputting a summation of the higher
frequency output and the lower frequency output to the input
port of the electronic circuit.

In another embodiment, the integrated circuit may be any
of the following: a microprocessor, a microcontroller, a
graphical processing unit, a central processing unit, a wide-
band amplifier, an analogue-to-digital converter, a digital-
to-analogue converter, a wireline transceiver circuit, and a
telecommunications chip.

In another embodiment, the integrated circuit comprises a
substrate. The electronic circuit 1s formed on the substrate.
The electrostatic protection device 1s also formed on the
substrate. The second stacked coil 1s formed closer to the
substrate than the first stacked coil. This, for example, may
be beneficial because thicker metal layers such as the final
few metallization layers can be used for forming the first
stacked coil. This may provide for a higher current rating
and a lower resistance for the lower frequency EDS protec-
tion circuit.

FIG. 1 1llustrates an example of an electrostatic protection
device 100. The electrostatic protection device 100 has an
input port 102. The mput port 102 may be the input port for
an electronic circuit that 1t 1s protecting. The electrostatic
protection device 100 comprises a first stacked coil 104 and
a second stacked coil 106. In this example, the first stacked
coil 104 1s divided 1nto a first coil portion 110 and a second
coil portion 112. There 1s a single coil tap 114 between the
first coil portion 110 and the second coil portion 112. The
first stacked coil 104 and the second stacked coil 106 are
physically stacked upon each other such that the first stacked
coil 104 and the second stacked coil 106 have an inductive
coupling. In this particular figure, it 1s shown that the second
stacked coil 106 1s coupling predominantly to the first coil
portion 110. This 1s however just one option. It could also
couple primarily to the second coil portion 112.

The first stacked coil and the second stacked coil 104, 106
form a five-port device. The first port 120 1s a first coil input.
The second port 122 1s a first coil output port and 1s the same
as the single coil tap 114. The third port 124 1s connected to
the output of the second coil portion 112 and 1s connected to
a termination load 116. The fourth port 1s a reference port
126 that 1s connected to one end of the second stacked coil
106 and the fitth port 1s a second coil output port 128 that 1s
the other port of the second stacked coil 106.

The inductive coupling between the second stacked coil
106 and the first stacked coil 104 1s configured such that 1t
preferentially couples the high frequency component of a
signal to a higher frequency ESD protection circuit 140. The
uncoupled portion of the signal remains i1n the lower ire-
quency ESD protection circuit 130. This therefore forms a
higher frequency circuit path 142 and a lower frequency
circuit path 132. The lower frequency circuit path 132 has a
human body model ESD protection circuit 134 and an
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additional charge device model ESD protection circuit 136.
The higher frequency circuit path 142 has a primary charge
device model ESD protection circuit 144.

Both the higher frequency ESD protection circuit 140 and
the lower frequency ESD protection circuit 130 are coupled
to a summation circuit 150 through an amplifier. The sum-
mation circuit 150 sums a lower frequency output 1354 and
a higher frequency output 156 to an electrostatic protection
device output 152 which has a summation 158 of both the
lower frequency output 154 and the higher frequency output
156. This 1s 1llustrated by the graphs of the lower frequency
signal and the higher frequency signal as shown 1n the plot.

FIG. 2 shows an example of the first stacked coil 104 and
the second stacked coil 106. This figure shows a perspective
view 200 and a top view 202. The figures show the first coil
portion 110 and second coil portion 112 of the first stacked
coll 104 on top of the second stacked coil 106. In this
example, the second coil portion 112 1s adjacent to the
second stacked coil 106. The inductive coupling 1s likely
stronger between the second stacked coil 106 and the second
coil portion 112 than between the second stacked coil 106
and the first coil portion 110. This 1s the opposite of the
situation that 1s illustrated 1n FIG. 1 where the drawing
shows that the inductive coupling 1s primarily between the
first co1l portion 110 and the second stacked coil 106. The
design m FIG. 2 could be readily modified to match what 1s
illustrated 1n FIG. 1 by mechanically switching the position
of the two coil portions 112 and 110. The coils i1llustrated 1n
FIG. 2 could for example readily be manufactured using
standard semiconductor manufacturing techniques.

FIG. 3 shows the frequency transmission from a simula-
tion of the circuit 1llustrated 1n FIG. 1. The lower frequency
output 154 and the higher frequency output 156 are plotted.
The low band -3 dB point 300 1s shown. The summation of
both signals 1s 1llustrated by summation 158. The -3 dB
point for the summation 138 is illustrated by the line 302. In
comparison with the low band -3 dB point 300 the -3 dB
point for the summation of the signals 1s greatly increased.

FIG. 4 illustrates the bandwidth provided by the electro-
static device of FIG. 1. There are two groups of figures. The
figures 1 column 400 represent the actual signals. The
figures 1n column 402 are eye diagrams. Row 1 404 contains
the higher frequency band. Row 2 1s the lower frequency
band 406. The lowest row 408 contains the summation of the
higher frequency band 404 and the lower frequency band
406. The column 402 for the summation shows a relatively
large bandwidth.

FIG. 5 illustrates an example of an integrated circuit 500.
The integrated circuit 500 comprises a substrate 502. There
1s an mput pad 504 on the substrate 5302. This 1s then wire
bonded 506 to the input port 102. The first stacked coil 104
and second stacked coil 106, as 1s 1llustrated in FIG. 2, form
part of the integrated circuit 500. The itegrated circuit 500
comprises the electrostatic protection device 100 and forms
the input for an electronic circuit S08. The first coil portion
110 and the second coil portion 112 are formed from the top
two metallization layers 510. This enables these two por-
tions 110, 112 to have a higher current rating and better
withstand an ESD event.

FIG. 6 1llustrates a further example of an electrostatic
protection circuit 600. The electrostatic protection circuit
600 1n FIG. 6 1s similar to that as was 1llustrated 1n FIG. 1.
In this example, the summation circuit is a continuous time
linear equalizer circuit 150'. The continuous time linear
equalizer circuit 150' comprises an amplifier 602, a FET
transistor 601, and several resistors 604. The resistances of
resistors 604 can be adjusted so that the attenuation of the
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HF path 142 matches the amplitude of LF path 132. In the
LF path 132, due to the feedback loop built of the amplifier
602 and the FET transistor 601, a virtual ground 1s formed
606. This forms a transimpedance amplifier (current to
voltage amplifier). The LF 154 and the HF 156 signals are
added at the bottom of the FET transistor 601 and the output
152 connects to a next stage, such as an analog to digital
converter (ADC).

FIG. 7 illustrates a further example of a differential
clectrostatic protection device 700. There 1s a first difleren-
tial mput 702 and a second differential input 704. The first
differential 1input 702 1s connected to a first electrostatic
protection device 706 which 1s similar to the electrostatic
protection device 100 illustrated i FIG. 1. The second
differential input 704 1s connected as the input for a second
clectrostatic protection device 708. Likewise, the second
clectrostatic protection device 708 1s similar to the electro-
static protection device 100 1llustrated 1n FIG. 1.

The first electrostatic protection device 706 and the sec-
ond electrostatic protection device 708 have some modifi-
cations with respect to the electrostatic protection device
100 of FIG. 1. Firstly, the second stacked co1l 106 1s shown
as primarily coupling to the second coil portion 112 in both
cases. The first electrostatic protection device 706 and the
second electrostatic protection device 708 are shown as
being connected and providing a differential summation
using a continuous time linear actuator circuit 150",

The continuous time linear actuator circuit 130" 1s a
differential amplifier 1n this example, with two FETs 710
with a resistor 712 at their dramns. VDD (DC voltage) 1s
supplied trough the inductors L.3. The high frequency output
156 reaches the output (to next stage) via the drain resistors
712 where 1t 1s combined with the low frequency output 154
slightly amplified by the FETs 710. A current source 1s
typical for differential amplifiers. The adjustable resistors
714, are configured to tune the circuit in order for the signal
amplitude of the high and low frequency channel to match.
Capacitor 716 between the two VDDs 1s just to block the
power supply.

FIG. 8 illustrates a further example of an electrostatic
protection device 800. In this example the first stacked coil
104 has been modified with respect to the example 1llus-
trated 1n FIG. 1. The first stacked coil 104 has been divided
into three parts, a first coil portion 110, an intermediate coil
portion 802 and a second coil portion 112. There 1s a first
coil output port 122 between the first coil portion 110 and the
intermediate coil portion 802. There 1s a sixth port 806
which 1s provided by a second coil tap 804. The second coil
tap 804 1s between the intermediate coil portion 802 and the
second coil portion 112. The first stacked coil 104 and the
second stacked coil 106 therefore form a sixth port device 1n
this example. The example in FIG. 8 1s further modified
from that which 1s shown in FIG. 1 1n that the additional
charge device model ESD protection circuit 136 1s shown as
being connected to the second port or the first coil output
port 122. The human body model ESD protection circuit 134
1s shown as being connected to what 1s the sixth port or the
second coil output port 806. In the circuit diagram the
second stacked coil 106 1s shown as coupling predominantly
to the intermediate coil portion 802. However, this could be
modified and the second stacked coil 106 could also pre-
dominantly couple to the first coil portion 110 or the second
coil portion 112.

FIG. 9 shows a further example of an electrostatic pro-
tection device 900. The example illustrated in FI1G. 9 15 very
similar to the example illustrated 1n FIG. 8 with a modifi-
cation. In FIG. 8 the fourth port or the reference port 126 of
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the second stacked coil 106 was connected to a ground. In
the example 1n FIG. 9 the fourth port or reference port 126
1s instead connected to the second coil tap 804. This 1s
equivalent to the second coil output port 806 being con-
nected to the reference port 126 of the second stacked coil
106.

The descriptions of the various embodiments of the
present 1nvention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill 1in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

What 1s claimed 1s:

1. An eclectrostatic protection device for protecting an
input port of an electronic circuit, the electrostatic protection
device comprising:

a first stacked coil, a second stacked coil, and an 1nput
terminal, wherein the second stacked coil 1s inductively
coupled to the first stacked coil;

wherein the first stacked coil comprises a first coil 1input
connected to the input terminal, a first coil output port
connected to a lower frequency ESD protection circuit,
and a first coil termination port connected to a termi-
nation load, and wherein the lower frequency ESD
protection circuit comprises a lower frequency output;

wherein the second stacked coil comprises an output port
connected to a higher frequency ESD protection circuit,
and wherein the higher frequency ESD protection cir-
cuit comprises a higher frequency output; and

wherein the electrostatic protection device comprises a
summation circuit configured for outputting a summa-
tion of the higher frequency output and the lower
frequency output to the imput port of the electronic
circuit.

2. The electrostatic protection device of claim 1, wherein
the first stacked coil and the second stacked coil form a
crossover network configured to divide a signal input nto
the input terminal into a higher frequency component and a
lower frequency component, wherein the higher frequency
component being output by the higher frequency output and
the lower frequency component being output by the lower
frequency output.

3. The electrostatic protection device of claim 1, wherein
the first stacked coil 1s a T-coil with a single coil tap.

4. The electrostatic protection device of claim 3, wherein
the single coil tap divides the first stacked coil into a first coil
portion and a second coil portion, the single coil tap 1s the
first coil output, the second coil portion being connected
between the single coil tap and the coil termination port, and
the first coil portion being connected between the single coil
tap and the first coil mput.

5. The electrostatic protection device of claim 4, wherein
an 1nductive coupling between the first coil portion and the
second stacked coil 1s greater than the inductive coupling
between the second coil portion and the second stacked coail.

6. The clectrostatic protection device of claim 5, wherein
the second stacked coil comprises a reference port connected
to a ground plane of the electrostatic protection device.

7. The electrostatic protection device of claim 1, wherein
the lower frequency ESD protection circuit comprises a
human body model ESD protection circuit.
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8. The electrostatic protection device of claim 7, wherein
the lower frequency ESD protection comprises an additional
charge device model ESD protection circuit.

9. The electrostatic protection device of claim 1, wherein
the first stacked coil comprises a first coil tap and a second
coil tap, and the lower frequency ESD protection circuit 1s
connected to the first coil tap and the second coil tap.

10. The electrostatic protection device of claim 9, wherein
the first stacked coil comprises a first coil portion, an
intermediate coil portion, and a second coil portion, wherein
the first coil portion 1s connected between the first coil input
and the first coil tap, the intermediate coil portion 1s con-
nected between the first coil tap and the second coil tap, and
the second coil portion 1s connected between the second coil
tap and the first coil termination port.

11. The celectrostatic protection device of claim 10,
wherein the lower frequency ESD protection circuit com-
prises a human body model ESD protection circuit, the
lower frequency ESD protection comprising an additional
charge device model ESD protection circuit, the additional
charge device model ESD protection circuit 1s connected to
the first coil tap, and the human body model ESD protection
circuit 1s connected to the second coil tap.

12. The electrostatic protection device of claim 1, wherein
the second stacked coil comprises a reference port connected
to a ground plane of the electrostatic protection device.

13. The electrostatic protection device of claim 1, wherein
the second stacked coil comprising a reference port 1s
connected to the second coil tap.

14. The electrostatic protection device of claim 1, wherein
the first stacked coil 1s at least partially formed from a top
two metallization layers of the electrostatic protection
device.

15. The electrostatic protection device of claim 1, wherein
the higher frequency ESD protection circuit comprises a
primary charge device model ESD protection circuit.

16. The ceclectrostatic protection device of claim 15,
wherein the primary charge device model ESD protection
circuit has a primarily reactive impedance.

17. The electrostatic protection device of claim 1, wherein
the summation circuit 1s a Continuous Time Linear Equal-
1Zer circuit.

18. The electrostatic protection device of claim 17,
wherein the input port of the electronic circuit 1s a differ-
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ential input port, where the differential input port 1s formed
by two electrostatic protection devices connected together
via the continuous time linear equalizer circuit.

19. The electrostatic protection device of claim 1, wherein
the summation circuit 1s formed from a summing amplifier.

20. The electrostatic protection device of claim 1, wherein
the termination load 1s resistive.

21. An mtegrated circuit comprising an electronic circuit,
the integrated circuit comprising an electrostatic protection
device for protecting an 1put port of the electronic circuit,
the electrostatic protection device comprising:

a first stacked coil, a second stacked coil, and an input
terminal, wherein the second stacked coil 1s inductively
coupled to the first stacked coail;

wherein the first stacked coil comprises a first coil 1input
connected to the input terminal, a first coil output port
connected to a lower frequency ESD protection circuit,
and a first coil termination port connected to a termi-
nation load, and wherein the lower frequency ESD
protection circuit comprises a lower frequency output;

wherein the second stacked coil comprises an output port
connected to a higher frequency ESD protection circuit,
and wherein the higher frequency ESD protection cir-
cuit comprises a higher frequency output; and

wherein the electrostatic protection device comprises a
summation circuit configured for outputting a summa-
tion of the higher frequency output and the lower
frequency output to the imput port of the electronic
circuit.

22. The mtegrated circuit of claim 21, wherein the inte-

grated circuit 1s selected from a group consisting of: a
microprocessor, a microcontroller, a graphical processing

unit, a central processing unit, wide band amplifier, analog
to digital converter, digital to analog converter, wireline
transceiver circuit, and a telecommumications chip.

23. The integrated circuit of claim 21, wherein the inte-
grated circuit comprises a substrate, the electronic circuit
being formed on the substrate, the electrostatic protection
device being formed on the substrate, and the second stacked
coll bemng formed closer to the substrate than the first
stacked couil.
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